We investigate the properties of the galaxies selected from the deepest 850-µm survey undertaken to date with SCUBA-2 on the JCMT as part of the SCUBA-2 Cosmology Legacy Survey. A total of 106 sources (>5σ) were uncovered at 850 µm from an area of 150 arcmin 2 in the centre of the COSMOS/UltraVISTA/CANDELS field, imaged to a typical depth of σ 850 0.25 mJy. We utilise the available multi-frequency data to identify galaxy counterparts for 80 of these sources (75%), and to establish the complete redshift distribution for this sample, yieldingz = 2.38 ± 0.09. We have also been able to determine the stellar masses of the majority of the galaxy identifications, enabling us to explore their location on the star-formation rate : stellar-mass (SFR:M * ) plane. Crucially, our new deep 850-µm selected sample reaches flux densities equivalent to SFR 100 M yr −1 , enabling us to confirm that sub-mm galaxies form the high-mass end of the 'main sequence' (MS) of star-forming galaxies at z > 1.5 (with a mean specific SFR of sSFR = 2.25 ± 0.19 Gyr −1 at z 2.5). Our results are consistent with no significant flattening of the MS towards high masses at these redshifts. However, our results add to the growing evidence that average sSFR rises only slowly at high redshift, resulting in log 10 sSFR being an apparently simple linear function of the age of the Universe.
unusual to be easily related to the more numerous, 'normal' star-forming galaxies being uncovered at UV/optical wavelengths at comparable redshifts (z 2 − 4) by Keck (e.g. Steidel et al. 1996) and the Hubble Space Telescope (HST) (e.g. Madau et al. 1996) . In recent years the study of restframe UV-selected galaxies has been extended out beyond z 10 (see Dunlop 2013 for a review, and Coe et al. 2013; Ellis et al. 2013; McLure et al. 2013; Bouwens et al. 2015; Bowler et al. 2012 Bowler et al. , 2014 Oesch et al. 2014; Finkelstein et al. 2015; Ishigaki et al. 2015; McLeod et al. 2015) , while a number of sub-mm selected galaxies have now been confirmed at z > 4 (Capak et al. 2008; Coppin et al. 2009; Daddi et al. 2009a,b; Knudsen et al. 2010; Riechers et al. 2010; Cox et al. 2011; Combes et al. 2012; Weiss et al. 2013 ) with the current redshift record holder at z = 6.34 (Riechers et al. 2013) . However, while such progress is exciting, at present there is still relatively little meaningful intersection between these UV/optical and far-infrared/sub-mm studies of the high-redshift Universe (although see Walter et al. 2012) .
At more moderate redshifts, however, recent years have seen increasingly successful efforts to bridge the gap between the unobscured and dust-enshrouded views of the evolving galaxy population. Of particular importance in this endeavour has been the power of deep 24 µm imaging with the MIPS instrument on board Spitzer, which has proved capable of providing a useful estimate of the dust-obscured star-formation activity in a significant fraction of opticallyselected galaxies out to z 1.5 − 2 (e.g. Caputi et al. 2006; Elbaz et al. 2010) . Indeed, MIPS imaging of the GOODS survey fields played a key role in establishing what has proved to be a fruitful framework for the study of galaxy evolution, namely the existence of a so-called "main sequence" (MS) for star-forming galaxies, in which star-formation rate is found to be roughly proportional to stellar mass (SFR ∝ M * ; Noeske et al. 2007; Daddi et al. 2007; Renzini & Peng 2015) , with a normalisation that rises with increasing redshift (e.g. Santini et al. 2009; Oliver et al. 2010; Elbaz et al. 2011; Karim et al 2011; Rodighiero et al. 2011 Rodighiero et al. , 2014 Tasca et al. 2015; Salmon et al. 2015; Schreiber et al. 2015; Johnston et al. 2015) .
Interest in the MS of star-forming galaxies has continued to grow (see Speagle et al. 2014 for a useful and comprehensive overview), not least because of the difficulty encountered by most current models of galaxy formation in reproducing its apparently rapid evolution between z 0 and z 2 (e.g. Mitchell et al. 2014) . However, it has, until now, proved very difficult to extend the robust study of the MS beyond z 2 and to the highest masses (e.g. Steinhardt et al. 2014; Salmon et al. 2015; Leja et al. 2015) . This is because an increasing fraction of star formation is enshrouded in dust in high-mass galaxies, and Spitzer MIPS and Herschel become increasingly ineffective in the study of dust-enshrouded SF with increasing redshift (due to a mix of wavelength and resolution limitations), as the far-infrared emission from dust is redshifted into the sub-mm/mm regime.
A complete picture of star-formation in more massive galaxies at high-redshift can therefore only be achieved with ground-based sub-mm/mm observations, which provide image quality at sub-mm wavelengths that is vastly superior to what can currently be achieved from space. The challenge, then, is to connect the population of dusty, rapidly star-forming high-redshift galaxies revealed by ground-based sub-mm/mm surveys to the population of more moderate star-forming galaxies now being revealed by optical/nearinfrared observations out to the highest redshifts. On a source-by-source basis this can now be achieved by targeted follow-up of known optical/infrared-selected galaxies with ALMA (e.g. Ono et al. 2014 ). However, this will inevitably produce a biased perspective which can only be re-balanced by also continuing to undertake ever deeper and wider submm/mm surveys capable of detecting highly-obscured objects (again, potentially, for ALMA follow-up; Karim et al. 2013; Hodge et al. 2013) , and thus completing our census of star-forming galaxies in the young Universe. This is one of the primary science drivers for the SCUBA-2 Cosmology Legacy Survey (S2CLS). The S2CLS is advancing the field in two directions. First, building on previous efforts with SCUBA (e.g. Scott et al. 2002; Scott, Dunlop & Serjeant 2006; Coppin et al. 2006) , MAMBO (e.g. Bertoldi et al. 2000; Greve et al. 2004) , LABOCA (e.g. Weiss et al. 2009 ) and AzTEC (e.g. Austermann et al. 2010; Scott et al. 2012 ), the S2CLS is using the improved mapping capabilities of SCUBA-2 (Holland et al. 2013 ) to extend surveys for bright (S850 > 5 mJy) submm sources to areas of several square degrees, yielding large statistical samples of such sources (> 1000). Second, the S2CLS is exploiting the very dryest (Grade-1) conditions at the JCMT on Mauna Kea, Hawaii to obtain very deep 450 µm imaging of small areas of sky centred on the HST CANDELS fields (Grogin et al. 2011) , which provide the very best multi-wavelength supporting data to facilitate galaxy counterpart identification and study. The first such deep 450 µm image has been completed in the centre of the COSMOS-CANDELS/UltraVISTA field, with the results reported by Geach et al. (2013) and Roseboom et al. (2013) . Here we utilise the ultra-deep 850 µm image of the same region, which was automatically obtained in parallel with the 450 µm imaging. While the dryest weather is more essential for the shorter-wavelength imaging at the JCMT, such excellent conditions (and long integrations) inevitably also benefit the parallel 850 µm imaging. Consequently, the 850 µm data studied here constitute the deepest ever 850 µm survey ever undertaken over an area 150 arcmin 2 . The depth of the new S2CLS 850 µm imaging is typically σ850 0.25 mJy. This is important because it means that galaxies detected near the limit of this survey have SFR 100 M yr −1 , which is much more comparable to the highest SFR values derived from UV/optical/nearinfrared studies than the typical SFR sensitivity achieved with previous single-dish sub-mm/mm imaging (i.e. SFR 1000 M yr −1 as a result of σ850 2 mJy). Ultimately, of course, ALMA will provide even deeper sub-mm surveys with the resolution required to overcome the confusion limit of the single-dish surveys. However, because of its modest field of view (∼ 20 arcsec at 850 µm) it is observationally expensive to survey large areas of blank sky with ALMA, and contiguous mosaic surveys are hard to justify at depths where the source surface density is significantly less than one per pointing. Thus, at the intermediate depths probed here, the S2CLS continues to occupy a unique and powerful niche in the search for dust-enshrouded star-forming galaxies.
The fact that previous sub-mm/mm surveys were only generally capable of detecting very extreme objects has undoubtedly contributed to some of the confusion/controversy Figure 1 . The SCUBA-2 850 µm map of the central sub-region of the COSMOS/UltraVISTA field. All 106 sources extracted with SNR > 5σ are highlighted with red circles, and marked with the ID number by which the sources are tabulated in Table A1 . As explained in Section 2.2 two optical-infrared catalogues were utilised in this work. The catalogue with the HST CANDELS and deconfused IRAC SEDS data, which contains sources extracted from the map covering the CANDELS area (enclosed by the two blue vertical lines), and the catalogue without the HST data (outside the blue lines) which was used only for 20 sources.
over the nature of galaxies selected at sub-mm/mm wavelengths; while Micha lowski et al. (2012b) and Roseboom et al. (2013) have presented evidence that sub-mm selected galaxies lie on the high mass end of the MS at z = 2−3, others have continued to argue that, like many local ULIRGs, they are extreme pathological objects driven by recent major mergers (e.g. Hainline et al. 2011) . Some of this debate reflects disagreements over the stellar masses of the objects rather than their star-formation rates (e.g. Micha lowski et al. 2014) . Nevertheless, the fact that even high-mass galaxies on the MS lay right at the detection limits of previous sub-mm surveys inevitably resulted in many sub-mm selected objects apparently lying above the MS, fueling arguments about whether they were indeed significant outliers, or whether we have simply been uncovering the positive tail in SFR around the MS (see Roseboom et al. 2013 ).
The much deeper 850 µm survey studied here is capable of settling this issue, provided of course we can overcome the now customary challenge of identifying the galaxy counterparts of most of the sub-mm sources, and determining their redshifts, SFRs and stellar masses (M * ) (e.g. Ivison et al. 2007; Dunlop et al. 2010; Biggs et al. 2011; Wardlow et al. 2011; Micha lowski et al. 2012a; Koprowski et al. 2014) . However, in this effort, we are also aided by the depth of the SCUBA-2 data, and by the additional positional information provided by the (unusual) availability of 450 µm detections (with FWHM 8 arcsec) for 50% of the sample. We also benefit hugely from the unparalleled multi-frequency sup-porting data available in the CANDELS fields, provided by HST, Subaru, CFHT, Vista, Spitzer, Herschel and the VLA.
The paper is structured as follows. In Section 2 we present the SCUBA-2 and other multi-wavelength data utilized in this work. Then, in Section 3 we explain how optical/infrared galaxy counterparts were established for the SCUBA-2 sources, and summarize the resulting identification statistics. Next, in Section 4 we explain the calculation of the photometric redshifts, both from the opticalinfrared data for the galaxy identifications, and from the long-wavelength data for the unidentified or spuriously identified sources. The resulting redshift distribution for the complete 106-source S2CLS sample is presented here, and compared with the redshift distributions derived from other recent sub-mm/mm surveys. In Section 5 we move on to derive and discuss the physical properties of the sources (such as dust temperature, bolometric luminosity, SFR, stellar mass), culminating in the calculation of specific SFR, and the exploration of the star-forming MS. Our conclusions are summarized in Section 6. All magnitudes are quoted in the AB system (Oke 1974; Oke & Gunn 1983 ) and all cosmological calculations assume ΩM = 0.3, ΩΛ = 0.7 and H0 = 70 kms −1 Mpc −1 .
DATA

SCUBA-2 imaging & source extraction
We used the deep 850 µm and 450 µm S2CLS imaging of the central 150 arcmin 2 of the COSMOS/UltraVISTA field, coincident with the Spitzer SEDS (Ashby et al. 2013 ) and HST CANDELS (Grogin et al. 2011) imaging. The observations were taken with SCUBA-2 mounted on the JCMT between October 2011 and March 2013, reaching depths of σ850 0.25 mJy and σ450 1.5 mJy (Geach et al. 2013 , Roseboom et al. 2013 , Geach et al. 2016 . In order to enable effective 450 µm observations, only the very best/dryest conditions were used (i.e. τ225GHz < 0.05), and to maximise depth the imaging was undertaken with a "daisy" mapping pattern (Bintley et al. 2014) .
The details of the reduction process are described in Roseboom et al. (2013) , and so only a brief description is given here.
The data were reduced with the smurf package 1 V1. for 850 µm (Dempsey et al. 2013 ).
The noise-only maps were constructed by inverting an odd half of the ∼ 30 min scans and stacking them all together. In the science maps the large-scale background was removed by applying a high-pass filter above 1.3 Hz to the data (equivalent to 120 arcsec given the SCUBA-2 scan rate). Then a "whitening filter" was applied to suppress the noise in the map whereby the Fourier Transform of the map is divided by the noise-only map power spectrum, normalised by the white-noise level and transformed back into real space. The effective point-source response function (PRF) was constructed from a Gaussian with a full-widthhalf-maximum (FWHM) of 14.6 arcsec following the same 1 http://www.starlink.ac.uk/docs/sun258.htx/sun258.html The distribution of the separation between 850 µm and 450 µm positions, where the maximum search radius was set to 25 arcsec. Based on this distribution, it was decided that a 450 µm source and an 850 µm source lying within 6 arcsec of each other correspond to the same galaxy (for such pairs, the mean separation is 2.7 ± 0.2 arcsec). As detailed in Table A1 , there are 53 850 µm sources with 450 µm counterparts (50%).
procedure. Finally, the real sources with a signal-to-noise ratio (SNR) of better than five were extracted by convolving the whitened map with the above PRF (see §4.2 of Chapin et al. 2013). The 850 µm image and the sources extracted from it are shown in Fig. 1 , while the positions and sub-mm photometry for the sources are listed in Appendix A, Table A1. A total of 106 850 µm sources were found within the map with a SNR > 5. The photometry at 450 µm was performed in the same manner,but assuming the PRF at 450 µm to be a Gaussian of FWHM = 8 arcsec. The 450 µm counterparts to the 850 µm sources were adopted if a 450 µm-selected source was found within 6 arcsec of the 850 µm centroid. As seen in Fig. 2 , 53 850 µm sources have 450 µm counterparts with the mean separation of 2.7 ± 0.2 arcsec. Otherwise, for the purpose of SED fitting, the 450 µm flux density was measured at the 850 µm position (flags 1 and 0 in Table A1 respectively).
The completeness of the 850 µm catalogue was assessed by injecting sources of known flux density into the noise-only maps. Overall 10 4 objects were used, split into 10 logarithmically-spaced flux-density bins between 1 and 60 mJy. In total 2000 simulated maps were created and the source extraction was performed in the same way as with the real maps. The completeness was then assessed by dividing the number of extracted sources by the number of sources inserted into the noise-only maps, and the results are shown in Fig. 3 .
Supporting multi-frequency data
This first deep S2CLS pointing within the COS-MOS/UltraVISTA field was chosen to maximise the power of the available ancillary multi-wavelength data, in particular the HST Cosmic Assembly Near-infrared Deep Ex- 
tragalactic Legacy Survey (CANDELS)
2 imaging (Grogin et al. 2011) . In addition, the optical Canada-FranceHawaii Telescope Legacy Survey (CFHTLS; Gwyn 2012), the Subaru/Suprime-Cam z'-band (Taniguchi et al. 2007; Furusawa et al., in preparation) and UltraVISTA nearinfrared data (McCracken et al. 2012) were used. The catalogues were made by smoothing all the ground-based and HST data to the seeing of the UltraVISTA Y-band image with the Gaussian of FWHM = 0.82 arcsec (for details, see Bowler et al. 2012 Bowler et al. , 2014 Bowler et al. , 2015 . The catalogue was selected in the smoothed CANDELS H-band image and photometry was measured in 3 arcsec apertures using the dual-mode function in SExtractor (Bertin & Arnouts 1996) on all other PSF homogenised images.
The Spitzer IRAC flux densities at 3.6 µm and 4.5 µm were measured from the S-COSMOS survey (Sanders et al. 2007) , after image deconfusion based on the UltraVISTA Ksband image; using galfit (Peng et al. 2002 ) the KS-band images were modelled, and the corresponding structural parameters were then applied to both the 3.6 µm and 4.5 µm data and the flux-densities allowed to vary until the optimum fit to the IRAC image of each object was achieved (after convolution with the appropriate PSFs). The infiniteresolution scaled model IRAC images created in this way were than smoothed again to match the seeing of the UltraVISTA Y-band image, after which the IRAC flux densities were measured within 3 arcsec apertures. For the small number of objects selected from the SCUBA-2 map which lay outside the area with CANDELS HST imaging (see Fig.  1 ) the Ks-band UltraVISTA image was used as the primary image for near-infrared candidate counterpart selection.
The 24 µm catalogue was constructed using the MIPS 24 µm imaging from the S-COSMOS survey (LeFloch et al. 2009 ). The source extraction was performed on the publiclyavailable imaging using the starfinder idl package (Diolaiti et al. 2000 We obtained the fluxes of each SCUBA-2 source in the following way. We extracted 120-arcsec wide stamps from each Herschel map around each SCUBA-2 source and used the PACS (100, 160 µm) maps to simultaneously fit Gaussians with the FWHM of the respective map, centred at all radio and 24 µm sources located within these cut-outs, and at the positions of the SCUBA-2 optical identifications (IDs, or just sub-mm positions if no IDs were selected). Then, to deconfuse the SPIRE (250, 350 and 500 µm) maps in a similar way, we used the positions of the 24 µm sources detected with PACS (at > 3σ), the positions of all radio sources, and the SCUBA-2 ID positions. Finally the Very Large Array (VLA) COSMOS Deep catalogue was used where the additional VLA A-array observations at 1.4 GHz were obtained and combined with the existing data from the VLA-COSMOS Large project (for details, see Schinnerer et al. 2010 ). This catalogue covers 250 arcmin 2 and reaches a sensitivity of σ = 12 µJy beam −1 .
SCUBA-2 SOURCE IDENTIFICATIONS
In order to find the optical counterparts for sub-mm sources, for which positions are measured with relatively large beams, a simple closest-match approach is not sufficiently accurate. We therefore use the method outlined in Dunlop et al. (1989) and Ivison et al. (2007) where we adopt the 2.5σ search radius around the SCUBA-2 position based on the signal-to-noise ratio (SNR): rs = 2.5 × 0.6 × FWHM/SNR, where FWHM 15 arcsec. In order to account for systematic astrometry shifts (caused by pointing inaccuracies and/or source blending; e.g. Dunlop et al. 2010) we enforce a minimum search radius of 4.5 arcsec. Within this radius we calculate the corrected Poisson probability, p, that a given counterpart could have been selected by chance.
For reasons explained below, the VLA 1.4 GHz and Spitzer MIPS 24 µm and IRAC 8 µm (with addition of 3.6 µm) bands were chosen for searching for galaxy counterparts. In the case of the MIPS 24 µm band, the minimum search radius was increased to 5 arcsec to account for the significant MIPS beam size ( 6 arcsec). The optical/nearinfrared catalogues were then matched with these coordinates using a search radius of r = 1.5 arcsec and the closest match taken to be the optical counterpart. In addition, we utilised the Herschel, SCUBA-2 and VLA photometry to help isolate likely incorrect identifications (Section 4.2).
The results of the identification process are summarized in Table A2 , where the most reliable IDs (p ≤ 0.05) are marked in bold, the tentative IDs (0.05 < p ≤ 0.1) are marked in italics, and incorrectly identified sources (as discussed in Section 4.2) are marked with asterisks.
Given the depth of the 850 µm imaging utilised here, Table 1 . The radio/infrared/optical identification statistics for the 850 µm S2CLS COSMOS sample used in this work. The number of reliably (with a probability of chance association, p < 0.05), tentatively (with 0.05 < p ≤ 0.1) and all (p ≤ 0.1) identified sources are given (with the percentage, out of 106 sources, in brackets). The columns give the ID success rate at a given band followed by the overall radio/mid-infrared ID success rate, the raw optical ID success rate, and revised optical ID success rate after checking for consistency with the long-wavelength photometric redshifts (see Fig. 5 and Section 4.2). Figure 4 . A demonstration that the distribution of positional offsets between the 850 µm sources and identified galaxy counterparts is consistent with statistical expectations. The histograms show the cumulative distribution of positional offset divided by positional uncertainty, where the positional uncertainty for each SCUBA-2-counterpart association is derived by calculating the uncertainty in the position of both the 850 µm source and its counterpart (based on the standard formula σ = 0.6 × FWHM/SNR; see Section 3), and adding these in quadrature, with an additional 2 arcsec added in quadrature to account for JCMT pointing uncertainties. The histograms show the distributions for the most secure p < 0.05, and less secure p < 0.1 identifications, while the curve shows the prediction assuming a Gaussian distribution. This plot provides reassurance that, at the flux level of the sources considered here, source confusion has not significantly distorted the source positions, and source blending is not a significant issue.
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it is important to check that source positions have not been significantly distorted by source confusion. We have therefore checked that the distribution of positional offsets between the 850 µm sources and their adopted multifrequency frequency counterparts is as expected, assuming the standard formula for positional uncertainty (i.e. σ = 0.6 × FWHM/SNR). The results, shown in Fig. 4 , provide reassurance that the vast majority of source positions have not been significantly distorted by confusion/blending, and that our association process is statistically valid.
Radio and 24 µm counterparts
The 850 µm band is sensitive to the cool dust re-radiating energy absorbed from hot, young stars. The radio band also traces recent star formation via synchrotron radiation from relativistic electrons produced within supernovae (SNe; Condon 1992). The 24 µm waveband is in turn sensitive to the emission from warm dust, and since sub-mm selected galaxies are dusty star-forming galaxies, they are also expected to be reasonably luminous in this band. There is thus a good physical motivation for searching for the counterparts of SCUBA-2 sources in the VLA and MIPS imaging. In addition, the surface density of sources in these wavebands is low enough for chance positional coincidences to be rare (given a sufficiently small search radius).
As seen in Table 1 (before the corrections of Section 4.2) at 1.4 GHz the ID success rate is only 14% (15 out of 106 sources, all with p ≤ 0.05) but at 24 µm the success rate is 69% (73 out of 106, 62 of which have p ≤ 0.05). Combining both methods, the successful identification rate is 70% (74 out of 106, 63 of which have p ≤ 0.05). The striking difference in these statistics is due to the fact that the S-COSMOS 24 µm imaging utilised here is relatively deeper than the radio data currently available in the COSMOS field.
8 µm counterparts
In order to maximise the identification success rate we also searched for counterparts in the the S-COSMOS IRAC 8 µm imaging. At the redshifts of interest, this waveband traces the rest-frame near-infrared light coming from the older, mass-dominant stellar populations in galaxies. Given the growing evidence that sub-mm galaxies are masssive, it is expected they will be more luminous than average in this waveband (e.g. Dye et al. 2008; Michalowski et al. 2010; Biggs et al. 2011; Wardlow et al. 2011) . We found that 57 of the 106 SCUBA-2 sources (54%) had 8 µm counterparts, 37 of which have p ≤ 0.05. However, unsurprisingly, several of these identifications simply confirmed the identifications already secured via the radio and/or 24 µm cross matching, and the search for 8 µm counterparts only added 5 new identifications (2 of which have p ≤ 0.05) to the results described in the previous sub-section.
Optical counterparts
In total, therefore, we identified radio/mid-infrared counterparts for 80 of the 106 SCUBA-2 850 µm sources (67 of which have p ≤ 0.05; see Table A2 ), and hence achieved an identification success rate of 75%. The identification success rate achieved in each individual waveband is given in Table 1 . In addition, we present postage-stamp images for all the sources in the online version ( Fig. B1) , with all the identifications marked with the appropriate symbols.
To complete the connection between the SCUBA-2 sources and their host galaxies, within the area covered by the CANDELS HST WFC3/IR imaging ( Fig. 1) we matched the statistically-significant mid-infrared and radio counterparts to the galaxies in the CANDELS H160-band imaging using a maximum matching radius of 1.5 arcsec. This yielded accurate positions for the optical identifications of 60 of the SCUBA-2 sources (Table A3) . For those few SCUBA-2 sources which lie outside the CANDELS HST imaging, we matched the statistically-significant mid-infrared and radio counterparts to the galaxies in the KS-band UltraVISTA imaging (using the same maximum matching radius). This yielded accurate positions for the optical identifications of the remaining 20 sources (Table A4) . We note that galaxies SC850-37, 46 and 61, even though successfully identified in the optical/near-infrared, turned out to be too close to a foreground star for reliable photometry ( Fig. B1 in the online version) and therefore no optical redshifts or stellar masses were derived and utilised in the subsequent analysis.
REDSHIFTS
Photometric redshifts
For all the identified sources, the multi-band photometry given in Tables A3 and A4 was used to derive opticalinfrared photometric redshifts using a χ 2 -minimization method (Cirasuolo et al. 2007 (Cirasuolo et al. , 2010 ) with a template-fitting code based on the HYPERZ package (Bolzonella et al. 2000) . To create template galaxy SEDs, the stellar population synthesis models of Bruzual & Charlot (2003) were applied, using the Chabrier (2003) stellar initial mass function (IMF) with a lower and upper mass cut-off of 0.1 and 100 M respectively. A range of single-component star-formation histories were explored, as well as double-burst models. Metallicity was fixed at solar, but dust reddening was allowed to vary over the range 0 ≤ AV ≤ 6, assuming the law of Calzetti (2000). The HI absorption along the line-of-sight was applied according to Madau (1995) . The optical-infrared photometric redshifts for the 77 optically-identified sources for which photometry could be reliably extracted (i.e. the 80 identified sources excluding SC850-37, 46 and 61) are given in Table A5 . Also given in this table are the optical spectroscopic redshifts where available. We note that, in general, zspec and zp are in excellent agreement, except for the two SCUBA-2 sources which are associated with active galactic nuclei (AGN; sources 65 and 72), presumably because no AGN template was included in the photometric redshift fitting procedure.
In addition, for every SCUBA-2 source we used the 450 and 850 µm photometry as well as the Herschel 100, 160, 250, 350, 500 µm and VLA 1.4 GHz flux densities (or limits) to obtain 'long-wavelength' photometric redshifts (zLW). This was achieved by fitting the average SED template of submm galaxies from Michalowski et al. (2010) to the measured flux densities and errors in all 8 of these long-wavelength bands (including flux-density measurements corresponding to non detections). The resulting 'long-wavelength' redshift estimates for all 106 sources are also given in Table A5 .
Redshift/identification refinement
Given the statistical nature of the identification process described above, there is always a possibility that some identifications are incorrect (as revealed by interferometric followup -e.g. Hodge et al. 2013; Koprowski et al. 2014) , and indeed, even when the probability of chance coincidence is extremely small, it can transpire that the optical counterpart is not, in fact, the correct galaxy identification, but is actually an intervening galaxy, gravitationally lensing a more distant sub-mm source (e.g. Dunlop et al. 2004 ). In either case, a mis-identification will lead to an under-estimate of the true redshift of the sub-mm source, and indeed dramatic discrepancies between zp and zLW can potentially be used to isolate mis-identified sources.
In Fig. 5 we have therefore plotted zLW versus zp in an attempt to test the consistency of these two independent redshift estimators. From this plot it can be seen that, for the majority of sources, the two redshift estimates are indeed consistent, with the normalized offset in zLW (r = (zLW − zp)/(1 + zp)) displaying a Gaussian distribution with σ = 0.14. However, there is an extended positive tail to this distribution, indicative of the fact that a significant subset of the identifications have a value of zp which is much smaller than the (identification independent) 'long-wavelength' photometric redshift of the SCUBA-2 source, zLW . Given the aforementioned potential for misidentification (and concomitant redshift under-estimation) we have chosen to reject the optical identifications (and hence also zp) for the sources that lie more than 3σ above the 1:1 redshift relation (see Fig. 5 and caption for details). This may lead to the rejection of a few correct identifications, but this is less important than the key aim of removing any significant redshift biases due to mis-identifications, and also the value of retaining only the most reliable set of identified sources for further study.
The effect of this cut is the rejection of 18 of the 80 optical identifications derived in Section 3. These rejected optical IDs are flagged with asterisks in Table A2 and zeros in Table A5 . We emphasize that the rejection of these low-redshift identifications does not impact significantly on the investigation of the physical properties of the sub-mm sources at z 1 − 4 pursued further below, because if the low-redshift IDs were retained they would not feature in the relevant redshift bins, while adoption of the long-wavelength redshift for these sources means that we do not include these sources in the sample of objects with reliable stellar masses. We also stress that only a small subset of these objects are likely lenses (5 possible examples are highlighted in Fig. B2 available in the online version), but while a revised search for galaxy counterparts for the other sources might yield alternative counterparts with zp consistent with zLW , we prefer not to confuse subsequent analysis by the inclusion of what would be inevitably less reliable galaxy identifications.
As tabulated in Table 1 , with this redshift refinement, the effective optical ID success rate for the most reliable (p ≤ 0.05) IDs drops from 63% to 51%, while the overall (p ≤ 0.1) ID success rate drops from 75% to 58%. However, while this reduces the number of reliably identified SCUBA-2 sources to 50% of the sample, this has the advantage or removing the most dubious identifications. Moreover, we stress that we retain redshift information for every one of Figure 5 . The left-hand panel shows the 'long-wavelength' photometric redshifts (z LW ) derived for the SCUBA-2 sources plotted against the optical-infrared photometric redshifts (zp) of the optical identifications (see Section 4.2). The central blue solid line shows the 1:1 relation. As illustrated in the right-hand panel, the sources lying below the 1:1 relation display a distribution of normalized redshift offsets (i.e. r = (z LW − zp)/(1 + zp)) which is approximately Gaussian with σ = 0.14. The positive side of this distribution is also reasonably well fitted by this same Gaussian, but there is a long positive tail, indicative of the fact that a significant subset of the identifications have a value of zp which is much smaller than the (identification independent) 'long-wavelength' photometric redshift of the SCUBA-2 source (z LW ). Given the potential for mis-identification (e.g. through galaxy-galaxy gravitional lensing) we view such discrepancies as evidence that zp, or more likely the galaxy identification itself, is in error. The upper and lower blue solid lines in the left-hand panel show the ±3σ limits of the Gaussian distribution, and so we choose to reject the optical identifications (and hence also zp) for the sources that lie above the 3σ limit (red dots). This same 3σ limit is shown by the black vertical line in the right-hand panel. (Table A5 ). The black area shows the distribution for the robust optical identifications with spectroscopic or optical-infrared photometric redshifts, which has a mean redshift ofz = 1.97 ± 0.09. The blue line depicts the redshift distribution of the enlarged sample which results from adding the SCUBA-2 sources which lack robust optical identifications, but which have reliable 'long-wavelength' redshifts (z LW ). Finally, the additional histrogram maked by the green arrows indicates the objects for which only lower-limits on redshift could be derived from the long-wavelength photometry. Adopting these lower limits, the mean redshift for the whole sample isz = 2.38 ± 0.09. Right-hand panel: The redshift distribution for the whole S2CLS COSMOS sample overlaid with the redshift distributions derived by Chapman et al. (2005) (z = 2.00 ± 0.09), and for the robust galaxy identifications in the AzTEC/SHADES survey presented by Michalowski et al. (2012a) (z = 2.00 ± 0.10). In addition we plot the redshift distribution of the sample of luminous (sub-)mm sources in the COSMOS field presented by Koprowski et al. (2014) (z = 3.53 ± 0.19).
the 106 SCUBA-2 sources, in the form of zLW if neither zspec nor a reliable value for zp are available.
In Fig. B2 (available in the online version) we present 12 × 12 arcsec near-infrared postage-stamp images for every source, with the positions of all the IDs marked. In this figure we give the source name in red if the optical ID was in fact subsequently rejected in the light of zLW . It can be seen from this figure that at least some of these incorrect identifications are indeed due to galaxy-galaxy lensing (see figure caption for details). . 850 µm flux density as a function of redshift for the whole SCUBA-2 850-µm sample used in this study. The open symbols show the 80 sources which possess optical IDs and the filled circles show the 26 sources that lack optical IDs, with arrows signifying lower limits on 'long-wavelength' redshifts. All the objects are colour-coded according to their 850 µm signal-to-noise-ratio. It can be seen that the galaxies that lack optical associations span a similar range in SNR to the optically identified sources. This suggests that the failure to uncover optical counterparts for these 26 sources is not due to them being spurious sub-mm detections, but instead suggests that either they lie at somewhat higher redshifts than the typical identified source, and/or that these unidentified SCUBA-2 sources are blends of individual fainter sources whose counterparts lie below the radio/24 µm detection threshold. Table 2 . Five sources in our sample that have been the subject of previous detailed study. Four of them (the ones with zprev) were previously followed up with the mm/sub-mm interferometry. The columns show respectively our ID, the source name from previous work (the full previous ID name for the AzTEC source is AzTEC J100025.23+022608.0), interferometric RA and Dec (or, in the case of the AzTEC source, single-dish coordinates), the separation between the interferometric position (except AzTEC) and the optical ID found in this work, our final redshifts (from Table A5 ), the redshift estimates from previous studies, and finally references. Where two references are given, the first one refers to the coordinates and the second to the previous redshift estimate (i.e. the source of zprev). 
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Redshift distribution
The differential redshift distribution for our SCUBA-2 galaxy sample is presented in Fig. 6 . In the left-hand panel the black area depicts the redshift distribution for the sources with reliable optical IDs (and hence zspec or zp), while the histrogram indicated in blue includes the additional unidentified SCUBA-2 sources with meaningful measurements of zLW . Finally, the green histogram containing the green arrows indicates the impact of also including those sources for which only lower limits on their estimated redshifts could be derived from the long-wavelength photometry. The mean and median redshifts for the whole sample arez = 2.38 ± 0.09 (strictly speaking, a lower limit) and z med = 2.21 ± 0.06 respectively whereas, for the confirmed optical IDs with optical spectroscopic/photometric redshifts the corresponding numbers arez = 1.97 ± 0.09 and z med = 1.96 ± 0.07. This shows that, as expected, the radio/infrared identification process biases the mean redshift towards lower redshifts, but in this case only by about 10% in redshift. In addition, to make sure that our unidentified sources are in fact not spurious, which would manifest itself as them having low SNR values, we also plot in Fig. 7 the 850 µm flux as a function of redshift for the whole sample used here, colour-coded according to SNR. It can be clearly seen that the unidentified sources exhibit a wide range of SNRs and hence are most likely real.
In the right-hand panel of Fig. 6 we compare the redshift distribution of the deep 850 µm selected sample studied here with example redshift distributions from previous studies. Although our sample is somewhat deeper/fainter than the sub-mm samples studied previously by Chapman et al. (2005) and Micha lowski et al. (2012a) , the redshift distributions displayed by the optically-identified subset of sources from each study are remarkably consistent; we find z = 1.97 ± 0.09, while Chapman et al. (2005) reported z = 2.00 ± 0.09, and Micha lowski et al. (2012a) reported z = 2.00 ± 0.10.
While inclusion of our adopted values of zLW for our unidentified sources moves the mean redshift up to at least z 2.4, it is clear that the redshift distribution found here cannot be consistent with that found by Koprowski et al. (2014) for the subset of very bright sub-mm/mm sources in the COSMOS field (see also Smolcic et al. 2012) , for which z = 3.53 ± 0.19. This is not due to any obvious inconsistency in redshift estimation techniques, as can be seen from Table  2 (discussed further below), and indeed the analysis methods used here are near identical to those employed by Koprowski et al. (2014) . Rather, as discussed in Koprowski et al. (2014) , there must either be a trend for the most luminous submm/mm sources (i.e.S850µm ≥ 8 mJy) to lie at significantly higher redshifts than the more typical sources studied here, or the COSMOS bright source sample of Scott et al. (2008) imaged by Younger et al. (2007 Younger et al. ( , 2009 ) and Smolcic et al. (2012) must be unusually dominated by a high-redshift overdensity in the COSMOS field.
Previous literature associations
Five of the sub-mm sources in our SCUBA-2 sample have been previously studied in some detail, and so, in Table 2 , we compare our ID positions and redshifts with the pre-existing information. Four of these bright sources were previously the subject of interferometric mm/sub-mm observations, yielding robust optical identifications and photometric redshifts in good agreement with our results. The source separation for SC850-29 (2.03 arcsec) is perfectly plausible since this is the separation between the original AzTEC single-dish coordinate and our chosen ID. The small separations between the positions of our adopted IDs for SC850-6 and 31 and their mm/sub-mm interferometric centroids confirm the reliability of our ID selection. For SC850-1 the rather large source separation of 2.62 arcsec supports our rejection of the optical ID for this source. Finally, the rather large separation for SC850-14 clearly casts doubt on our adopted ID, but in this case zp is very similar to zLW (which, of course, is why we did not reject the ID) and so the final redshift distribution is unaffected by whether or not the ID is correct.
PHYSICAL PROPERTIES
Stellar masses and star-formation rates
For the 58 SCUBA-2 sources for which we have secure optical identifications+redshifts (after the sample refinement discussed in Section 4.2) we were able to use the results of the SED fitting (used to determine zp) to obtain an estimate of the stellar mass, M , for each galaxy. The derived stellar masses were based on the models of Bruzual & Charlot (2003) assuming double-burst star-formation histories (see Micha lowski et al. 2012b ), and we assumed a Chabrier (2003) IMF.
We were also able to estimate the star-formation rate, SFR, for each of these sources by using the average longwavelength SED of the sub-mm galaxies from Micha lowski et al. (2010) , applied to the 850 µm flux-density of each source at the relevant photometric redshift, to estimate the farinfrared luminosity of each source.
The resulting SFRs are plotted against M in Fig. 8 . In the main plot, for clarity we have confined attention to the sources with zp > 1.5 because, as shown in the inset plot, due to the impact of the negative K-correction at 850 µm, at z > 1.5 the flux-density limit of the current sample essentially equates to SFR 100 M yr −1 at all higher redshifts. In this plot we also show the position of the 'Main-Sequence' (MS) of star-forming galaxies, as deduced at z 2.5 by Elbaz et al. (2011) , and at z > 1.5 by Rodighiero et al. (2011) . The sensitivity of our deep SCUBA-2 sample to values of SFR as low as 100 M yr −1 means that, for objects with stellar masses M > 7 × 10 10 M , we are able for the first time to properly compare the positions of sub-mm selected galaxies on the SFR:M plane with the MS in an unbiased manner.
Specific star-formation rates
In Fig. 9 , we collapse the information shown in Fig. 8 into distributions of specific SFR. The black histogram shows the distribution of sSFR for the whole robustly-identified sample of SCUBA-2 sources at z > 1.5, but this can be subdivided by mass into the sub-sample with M > 7 × 10 10 M (blue histogram) and the complementary sub-sample of sources with M < 7 × 10 10 M (red histogram). Refering back to As can be seen from the inset plot, due to the impact of the negative K-correction at 850 µm, for z > 1.5 the flux-density limit of the current sample essentially equates to SFR 100 M yr −1 . The black solid line in the main plot shows the position of the so-called 'Main-Sequence' (MS) of star-forming galaxies at z 2.5 as deduced by Elbaz et al. (2011) , while the black dashed line depicts the MS at z > 1.5 as given by Rodighiero et al. (2011) . The sensitivity of our deep SCUBA-2 sample to values of SFR as low as 100 M yr −1 means that, for objects with stellar masses M > 7 × 10 10 M yr −1 (i.e., inside the cyan rectangle), we are able for the first time to properly compare the positions of sub-mm selected galaxies on the SFR:M plane with the MS in an unbiased manner. As shown in Fig. 9 , we find that, confining our attention to M > 7 × 10 10 M yr −1 , the SCUBA-2 sources display a Gaussian distribution in specific SFR peaking at sSFR = 2.25 ± 0.19 Gyr −1 (corresponding to the main sequence shown here by the blue solid line), demonstrating that the SCUBA-2 sources lie on the high-mass end of the normal star-forming MS at z 2. Fig. 8 , it can be seen that, at lower stellar masses, the measurement of sSFR is inevitably biased high by the effective SFR limit > 100 M yr −1 , and so it is difficult to tell if these SCUBA-2 sources genuinely lie above the MS, or if we are simply sampling the high-sSFR tail of the distribution around the MS. However, at M > 7 × 10 10 M it is clear that the SFR limit would not produce a significantly biased sampling of the distribution of galaxies on the MS. In essence, because of the depth of the SCUBA-2 imaging, for sub-mm selected galaxies with M > 7 × 10 10 M we should now be able to perform the first unbiased estimate of their sSFR at z 1.5 − 3.
In fact, for the high-mass sub-sample, in which SFR is not biased by the effective flux-density limit of the deep SCUBA-2 survey, the distribution of sSFR resembles closely a Gaussian peaked at sSFR = 2.25 Gyr −1 with σ = 0.89 Gyr −1 . This Gaussian fit is shown by the green curve in Fig. 9 , and is completely consistent with the normalization and scatter ( 0.25 dex) in the MS reported by Rodighiero et al. (2011) .
Finally, to check whether we could be biased towards high-mass (and hence low sSFR) objects at high redshift, as a consequence of the flux-density limits of our optical/nearinfrared catalogues, we plot the near-infrared (CANDELS H-band and UltraVISTA KS-band) absolute magnitudes of our source IDs against redshift in Fig. 10 . The measured values are generally not close to the detection limits of our catalogues and therefore we conclude that the sample is not biased against high sSFRs at high redshifts on account of an inability to detect low-mass galaxies.
We conclude, therefore, within the stellar mass range where we are able to sample the distribution of sSFR in an unbiased way, the sub-mm sources uncovered from this deep SCUBA-2 850 µm image, display exactly the mean sSFR and scatter expected from galaxies lying on the high-mass end of the star-forming main-sequence at z 2.
The 'main sequence' and its evolution
Given that the SCUBA-2 sources seem to, in effect, define the high-mass end of the star-forming main sequence (MS) of galaxies over the redshift range probed by our sample (i.e. 1.5 < z < 3) it is of interest to explore how the inferred normalization and slope of the MS as derived here compares to that derived from other independent studies based on very different selection techniques over a wide range of redshifts.
Thus, in Fig. 11 we divide our (high-mass) sample into three redshift bins to place the inferred evolution of sSFR Figure 9 . The distribution of specific star-formation rate, sSFR, as derived from the values of SFR and M plotted in Fig. 8 . The black histogram shows the distribution for the whole robustlyidentified sample of SCUBA-2 sources at z > 1.5, but this can be subdivided by mass into the sub-sample with M > 7 × 10 10 M (blue histogram) and the complementary sub-sample of sources with M < 7 × 10 10 M (red histogram). It can be seen that, for the high-mass sample, in which SFR is not biased by the effective flux-density limit of the deep SCUBA-2 survey, the distribution resembles closely a Gaussian peaked at sSFR = 2.25 Gyr −1 with σ = 0.89 Gyr −1 , as shown by the green curve. This demonstrates that, where their distribution on the SFR:M plane can now finally be probed in an unbiased manner, the SCUBA-2 galaxies lie on the MS of star-forming galaxies at z 2.
within the wider context of studies spanning virtually all of cosmic time (i.e. 0 < z < 8).
The first obvious striking feature of Fig. 11 is that our new determination of average sSFR over the redshift range 1.5 < z < 3 follows very closely the trend defined by the original studies of the MS undertaken by Noeske et al. (2007) and Daddi et al. (2007) . Since such studies were based on very different samples, sampling lower stellar masses, this result also implies that we find no evidence for a high-mass turnover in the MS at these redshifts (i.e. a decline in sSFR, or change in the slope of the MS above some characteristic mass). Evidence for a decline in the slope of the MS above a stellar mass log(M * /M ) 10.5 has been presented by several authors (e.g. Whitaker et al. 2014; Tasca et al. 2015) but these results are based on optical/near-infrared studies, and suffer from two problems. First, as recently discussed by Johnston et al. (2015) , the results of optically-based studies depend crucially on how one selects star-forming galaxies, and colour selection can yield an apparent turn-over in the MS at high masses simply due to increased contamination from passive galaxies/bulges (see also Renzini & Peng 2015; Whitaker et al. 2015) . Second, and more important, at the high SFRs of interest here, it is well known that SED fitting to optical-infrared data struggles to capture the total star-formation rate because the vast majority of the starformation activity in high-mass galaxies is deeply obscured. It is therefore interesting that other recent studies of the MS based on far-infrared/sub-mm data also find no evidence for a high mass turnover in the MS at high-redshift; for example Schreiber et al. (2015) , from their Herschel stacking study of the MS, report that any evidence for a flattening of the Figure 10 . Absolute magnitude versus redshift for the secure SCUBA-2 near-infrared IDs as derived for the sources lying within the HST imaging (i.e. CANDELS H-band neasurements; upper panel) and those lying outside the HST imaging (i.e. UltraVISTA K S -band measurements; lower panel). The blue and green solid curves represent the detection limits of our CANDELS H-band and the UltraVISTA K S -band selected catalogues respectively. It can be seen that virtually all the sources lie well above the detection limits, indicating that this our sample is not vulnerable to serious biases or incompleteness in stellar mass.
MS above log(M * /M ) 10.5 becomes less prominent with increasing redshift and vanishes by z 2.
As is clear from Fig. 8 , the present study does not provide sufficient dynamic range to enable a new measurement of the precise value and redshift evolution of the slope of the MS (see Speagle et al. 2014 for results from a compilation of 25 studies). Nevertheless, the advantages of sub-mm selection for an unbiased study of the high-mass end of the MS are clear (i.e. no contamination from passive galaxies, and a complete census of dust-enshrouded star formation), and our results show that the slope of the MS must remain close to unity up to stellar masses M * 2 × 10 11 M at z 2 − 3. We note that it is sometimes claimed that studies of the MS based on far-IR or sub-mm selected samples yield vastly different determinations of the SFR-M * relation from the MS (e.g. Rodighiero et al. 2014 ), but it needs to be understood that this is because previous studies based on such samples did not reach sufficient sensitivity in SFR (for individual objects) to properly sample the MS at high redshift. As emphasized in Section 5.2, and in Fig. 8 , even the deepest ever 850 µm survey analysed here only enables Figure 11 . Mean sSFR as a function of the redshift. The results of this work (inset plot with the mean values represented by black points with thick error bars) calculated using the unbiased sample (from inside the cyan rectangle in Fig. 8 ) are shown by the magenta diamonds. It can be seen that the evolution of characteristic sSFR (≡ to the normalization of the MS) inferred from the SCUBA-2 galaxies is in excellent accord with the results from many other studies.
us to properly explore the MS at the very highest masses, due to the effective SFR sensitivity limit; clearly the sources detected in the present study at lower masses are outliers from the MS, and can only provide indirect information of the scatter in the MS at masses of a few ×10 10 M , rather than its normalization.
Finally, looking to higher redshifts, Fig. 11 shows that the present study does not provide useful information on characteristic sSFR beyond z 3, but also demonstrates that the trend indicated here over 1.5 < z < 3 extends naturally out to our previous determination of sSFR in very high-redshift sub-mm/mm galaxies at z 5 (Koprowski et al. 2014) . There is currently considerable debate over the normalization of the MS at z 4, due in large part to uncertainty over the impact of nebular emission lines on the estimation of stellar masses (see e.g. Stark et al. 2013; Smit et al. 2014) . However, the sub-mm studies of high-mass star-forming galaxies are clearly consistent with the results of several existing studies (e.g. Steinhardt et al. 2014) , and (despite their supposedly extreme star-formation rates) sub-mm-selected galaxies provide additional support for the presence of a 'knee' in the evolution of sSFR around z 2 (as originally suggested by the results of Gonzalez et al. 2010 Gonzalez et al. , 2012 . The ability of theoretical models of galaxy formation to reproduce this transition remains the subject of continued debate, with smooth cold accretion onto dark matter halos leading to expectations that sSFR should rise ∝ (1 + z) , and a range of hydrodynamical and semi-analytic models of galaxy formation yielding predictions of characteristic sSFR at z 2 that fall short of the results shown in Fig. 11 by a factor of 2 − 6 (see discussion in Johnston et al. 2015 , and references therein). However, in Fig. 12 we show that when the redshift axis is re-cast in terms of cosmic time, there is really no obvious feature in the evolution of characteristic sSFR. Rather, the challenge for theoretical models is to reproduce the apparently simple fact that log 10 sSFR is a linear function of the age of the Universe, at least out to the highest redshifts probed to date.
SUMMARY
We have investigated the multi-wavelength properties of the galaxies selected from the deepest 850-µm survey undertaken to date with SCUBA-2 on the JCMT. This deep 850-µm imaging was taken in parallel with deep 450 µm imaging in the very best observing conditions as part of the SCUBA-2 Cosmology Legacy Survey. A total of 106 sources (>5σ) were uncovered at 850 µm from an area of 150 arcmin 2 in the centre of the COSMOS/UltraVISTA/CANDELS field, imaged to a typical depth of σ850 0.25 mJy. Aided by radio, mid-IR, and 450-µm positional information, we established statistically-robust galaxy counterparts for 80 of these sources ( 75%). Fig. 11 . The straight-line fit to the data has the form log 10 (sSFR/Gyr −1 ) = −0.12(t/Gyr) + 0.71.
By combining the optical-infrared photometric redshifts, zp, of these galaxies with independent 'longwavelength' estimates of redshift, zLW (based on Herschel/SCUBA-2/VLA photometry), we have been able to refine the list of robust galaxy identifications. This approach has also enabled us to complete the redshift content of the whole sample, yieldingz = 2.38 ± 0.09, a mean redshift comparable with that derived from all but the brightest previous sub-mm samples.
Because our new deep 850-µm selected galaxy sample reaches flux densities equivalent to star-formation rates SFR 100 M yr −1 , we have been able to confirm that submm galaxies form the high-mass end of the 'main sequence' (MS) of star-forming galaxies at z > 1.5 (with a mean specific SFR of sSFR = 2.25 ± 0.19 Gyr −1 at z 2.5). Our results are consistent with no significant flattening of the MS towards high stellar masses at these redshifts (i.e. SFR continues ∝ M * ), suggesting that reports of such flattening are based on contamination by passive galaxies/bulges, and/or under-estimates of dust-enshrouded star-formation activity in massive star-forming galaxies. However, our findings contribute to the growing evidence that average sSFR rises only slowly at high redshift, from sSFR 2 Gyr −1 at z 2 to sSFR 4 Gyr −1 at z 5. These results are consistent with a rather simple evolution of global characteristic sSFR, in which log 10 sSFR is a linear function of the age of the Universe, at least out to the highest redshifts probed to date. Herschel is an ESA space observatory with science instruments provided by European-led Principal Investigator consortia and with important participation from NASA. We thank the staff of the Subaru telescope for their assistance with the z -band imaging utilised here. This research has made use of the NASA/IPAC Infrared Science Archive, which is operated by the Jet Propulsion Laboratory, California Institute of Technology, under contract with the National Aeronautics and Space Administration.
APPENDIX A: DATA TABLES
In this appendix we provide tables detailing: i) the sub-mm properties of the deep 106-source 850µm-selected SCUBA-2 sample utilised in this study, ii) the results of the galaxy counterpart identification process, iii) the optical-infrared photometry for the galaxy identifications, and iv) the estimated redshifts and derived physical properties of the submm galaxies. Table A1 . The basic properties of the 106-source SCUBA-2 850 µm-selected sample. The penultimate column gives the SCUBA-2 colour where, if the significance of the 450 µm detection is less than 2σ, the SCUBA-2 colour is based on a 450 µm limit with S 450 < S 450 + 2σ. The flag given in the final column indicates whether the 450 µm flux density was taken from 450 µm catalogue (1) or simply measured at the 850 µm position (0); the latter measurement was adopted if no 450 µm-selected source with S 450 > 4σ was found within 6 arcsec of the 850 µm source position). Table A2 . The results of the radio/mid-infrared statistical identification process described in Section 3. The columns give the SCUBA-2 source number, the positions of the adopted optical ID, the VLA 1.4 GHz coordinates (where a radio ID exists), and the relevant midinfrared and radio flux densities, angular offsets (from the SCUBA-2 850 µm position), and corrected probabilities, p, that each association could have occurred by chance (given the depth of the supporting data, the relevant number counts, and the counterpart search radius). If a given ID is listed more than once, the counterpart with the lowest p-value was treated as a correct association. The robust IDs (p ≤ 0.05) are shown in bold, the more tentative IDs (0.05 < p ≤ 0.1) in italics, and the sources for which the optical/near-infrared IDs were rejected on the basis of the zp -z LW comparison (see Section 4.2) are marked with asterisks. Table A5 . The derived physical properties of all 106 sources in the SCUBA-2 sample. The columns show, respectively, SCUBA-2 source number, optical spectroscopic redshift (should it exist for a robust ID), optical-infrared photometric redshift zp, the 'long-wavelength' photometric redshift z LW , the normalized redshift offset r = (z LW − zp)/(1 + zp) (see Section 4.2), a flag indicating the status of the redshift information, and our final adopted redshift (with estimated errors), star-formation rate (SFR) and stellar mass (M ). If a source's optical/near-infrared ID was rejected on the basis of an excessive value of r, it is flagged here with 0, if accepted it is flagged with 1 and if no ID was found the flag is set to 2. For objects flagged with 1 the final redshift z is the optical-infrared photometric redshift zp (or zspec if it exists), and therefore a stellar mass can be estimated for the galaxy and is given in the final column. If the flag is 0 or 2, the final adopted redshift z becomes z LW , but no stellar mass can be calculated due to the absence of any optical-infrared photometry. The last column gives the source for the spectroscopic redshifts. These include 11 redshifts from DR1 of the zCOSMOS redshift survey undertaken in the COSMOS field with the VIMOS spectrograph (Lilly et al. 2007 ), 2 redshifts obtained as a part of the 3D-HST observations of the COSMOS field (Brammer et al. 2012 , Skelton et al. 2014 ) and 2 redshifts from the spectroscopic survey undertaken in the COSMOS field with DEIMOS spectrograph (PI: Jehan Kartheltepe). ... 
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APPENDIX B: MULTI-FREQUENCY IMAGES AND SOURCE IDENTIFICATIONS
In this second appendix we first provide multi-wavelength postage-stamp images of all 106 SCUBA-2 sources to illustrate the results of the identification process, and then show higher-resolution versions of the deepest available nearinfrared images of the sources, highlighting both the identified and unidentified sources, along with their estimated redshifts. Figure B1 . Multi-wavelength postage-stamp images of all 106 SCUBA-2 sources. Each image is centred on the 850 µm source position, and is 36 × 36 arcsec, with North to the top and East to the left. The blue circle in each stamp shows the search radius adopted for each source when searching for counterparts and calculating the significance of any positional association. The yellow and red symbols depict the most probable counterparts with p < 0.05 and 0.05 < p < 0.1 respectively. The number given on the 850 µm stamp is the signal-to-noise ratio of the 850 µm detection; the sources are ranked by this number. Figure B2 . Near-infrared (HST H 160 if available, otherwise UltraVISTA K S -band) image stamps for all sources in the SCUBA-2 sample. Each stamp is centred on the 850 µm position, and is 12 × 12 arcsec, with North to the top and East to the left. The red squares indicate the positions of the 450 µm counterparts (when present). The green triangles show the 24 µm ID positions, the yellow circles the 8 µm ID positions, the pink stars the radio ID positions and the red diamonds the final optical ID positions. The colour-coding of the ID names in the upper-right corner is as follows. Green means that the adopted optical ID was deemed acceptable on the basis of agreement between zp and z LW , and the final adopted value of zp is given in the top-left corner of the stamp. Red means that the proposed optical ID was rejected on the basis of inconsistency between zp and z LW , and the first number in the upper-left corner of each stamp is then the adopted z LW , with the second number being the rejected zp. Where source names are given in blue, this means that no ID was secured for the SCUBA-2 source, and only the value of z LW was available (and is given in the upper-left corner). Seeveral of the rejected optical IDs appear to be rather obvious lenses (SC850-1, 2, 29, 44, 93).
